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[0029] The atmosphere during baking is usually an oxygen-containing gas such as air. 
The baking apparatus may be a known one such as a box furnace^ a tubular fiimacej a 
tunnel fumace, or a rotary kiln. The lithium nickel manganese complex oxide 
produced according to the present invention is expressed by the general formula (I), and 
has a layered structure. 
[0030] 

[Chemical Formula 2] 

LixNiyMnzQo -y-z)02 (I) 
wherein in the chemical formula (I), X is a value within a range of 0 < X < 1 .2, 
preferably 0< X < 1 . 1. If X is beyond the range, the crystal structure may be 
destabilized, or the battery volume of the resultant lithium secondary battery may 
decrease. Y and Z are values which satisfy 0.5 < Y + Z < 1, and 0.7 < Y/Z < 9. If the 
relative proportion of manganese increases, synthesis of a single-phase lithium nickel 
manganese complex oxide becomes diflScult. 

[0032] Q represents at least one selected from the group consisting of Al, Co, Fe, Mg, 
and Ca, Among them Al, Co, and Mg are preferable, and Al and Co are more 
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preferable. Al, Co, and Mg readily dissolve in LiNii.xMnx02 (0.7 < Ni/Mn < 9) to 
form a single-phase lithium nickel manganese complex oxide. When Al or Co is used, 
the lithium secondary battery containing the resultant lithium nickel manganese 
complex oxide as the cathode active material exhibits high-performance battery 
properties, in particular, achieves favorable performance in maintenance of the 
discharge capacity after repeated charge and discharge. In the composition expressed 
by the general formula (I), the ratio of oxygen may be slightly varied. 
[0033] The average primary particle diameter of the lithium nickel manganese 
complex oxide is usually 0.01 |im or more^ preferably 0,02 iim or more, and even more 
preferably 0.1 |Jim or more, and usually 30 |im or less, preferably 5 |jm or less, and even 
more preferably 2 }xm or less* The average secondary particle diameter is usually 1 
}xm or more, preferably 4 ^im or more, usually 50 |xm or less, and preferably 40 |Lim or 
less. The specific surface area of the lithium nickel manganese complex oxide as 
measured by the BET method is 0. 1 m^/g or more and 8.0 m^/g or less, and preferably 
0,2 m^/g or more and 6,0 mVg or less. The primary particle size can be controlled by, 
for example, changing the baking temperature or baking time. The primary particle 
diameter increases as the increase of the baking temperature or baking time. The 
secondary particle diameter can be controlled by, for example, changing the spray 
conditions such as the gas-liquid ratio during spray drying. The specific surface area 
can be controlled by changing the primary and/or secondary particle diameter. The 
specific surface decreases as the increase of the primary and/or secondary particle 
diameter. In general, if the specific surface area is too small, the primary particles are 
so large that the resultant battery has unfavorable properties. On the other hand, if the 
specific surface area is too large, making of an electrode composing a lithium secondary 
battery becomes difficult. The appropriate range of the specific surfece area varies 
depending on the composition ratio of the lithium nickel manganese complex oxide. 
For example, when nickel and manganese in the general formula (I) are at equal rate. 
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the specific surface area is usually 1 m^/g or more, preferably 2 m^/g or more, and 
usually 8.0 m'^/g or less, preferably 6.0 m^/g or less. In cases were cobalt is introduced 
as a substituent metal element to make the atomic ratio Y : Z : (1 - Y - Z) = 0.65 : 0. 15 : 
0*20, the specific surface area is usually 0,1 m^/g or more, preferably 0.2 m^/g or more, 
and usually 1,0 m^/g or less, preferably 0*8 mVg or less. In cases were cobalt is 
introduced as a substituent metal element, the above-described atomic ratio is preferable. 
More specifically, the values are preferably 1 < Y/Z ^ 7 and 0 < (1 - Y - Z) < 0.3, 
particularly preferably 2 < Y/Z < 5 and 0. 1 < (1 - Y - Z) < 0.25 . The powder packing 
density is usually 0.5 g/cc or more, preferably 0.6 g/cc or more, and even more 
preferably 0,8 g/cc or more in terms of tap density (after 200 times of tapping). The 
higher the powder packing density, the higher the energy density per unit volume of the 
battery containing the powder as the cathode active material. In practice, the powder 
packing density is 3.0 g/cc or less, and usually 2.5 g/cc or less. 
[0043] 

[Examples] The present invention is illustrated below with reference to the 
following examples, but the present invention is not limited to the following examples 
without departing from the scope of the invention. 
Example 1 

LiOH-H20, Ni(OH)2* and MazOs were mixed at an atomic ratio of Li : Ni : Mn 
= 1 .05 : 0.50 : 0,50. Pure water was added to the mixture to make a slurry having a 
solid content of 1 2.5% by weight. The slurry was pulverized under stirring using a 
circulating medium-stiiTing type wet mill (DYNO mill KDL-A, manufactured by 
Shimnaru Enterprises Corporation) until the average particle diameter of the solids in 
the slurry reduced to 0.30 |am. The slurry was pulverized in a 300-mL pot for 6 hours. 
The initial viscosity of the slurry was 1510 mPA-s as measured by a BM type 
viscometer manufactured by Tokimec Inc. 

[0044] The slurry was spray-dried using a two-fluid nozzle spray-dryer (L-8 type 
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spray dryer, manufactured by Ohkawara Kakohki Co,, Ltd.)^ The drying gas was air, 
the flow rate of the drying gas was 45 m^/min, and the drying gas inlet temperature was 
90°C. The granules obtained by the spray drying were baked in air at 900''C for 10 
hours, and thus a lithium nickel manganese complex oxide having an atomic ratio of the 
charges, 

[0052] Example 4 

A lithiimi nickel manganese complex oxide was obtained in the same manner 
as Example 1, except that LiOH-H205 Ni(0H)2, Mn203, and Co(OH)2 were mixed at an 
atomic ratio of Li : Ni : Mn : Co = 1.05 : 0,45 : 0.45 : 0,10. 

[0053] The initial viscosity of the slurry was 820 mPA-s. The obtained complex 
oxide was composed of almost spherical particles having an average particle diameter 
of 5,8 p^m, and the maximum particle diameter of 1 5 |j,m. The lithium nickel 
manganese complex oxide had a rhombohedral layered stmctiM*e as determined by 
powder X-Ray diffraction. The powder packing density (tap density) after 200 times 
of tapping was 1 .0 g/cc^ and the specific surface area as measured by the BET method 
was 3.4 m^/g* 
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vtS^Uk. Vx. , ^<rm^^is-^-th x 5 'J -T- 

S N i /M n S 9 f $> S i t ^iftSf 1 1 ^ 1 ^V^ 

Ni(OH)j,NiO. NiOOH. NiCOs - 2 
Ni (OH) J • 4H2 O. Nl (NO3 ) 2 • 6H2 

0. 7SY/Z^9SC^-0. 5SY + ZS1. 0(7)5i;Sr 
nmizmM.-ti>mi:m-t. Q(±AK Co, Fe, Mg 

im^m 1 2 J IS^^ 1 ^rv^ L 1 1 '^\.^^iHz§m 

[»^jsi3] m^i2t,zssm<y)Vi'^j>.-'y^fu 

lOOOl] 
[00 02] 

vi-^Am^mn-^mit^t/^^mm^ii.x\i->^, 

X'i>. ^^mti^aj-^;]^}-^ -'y-irj)^XH-7yp!fyx-h 
f * t , «tttgtO^S:#^>*tS ^ t iimi^tlX 



O, Ni SO, . 6H2 O, -^--y-yji^it-^m/- 

i t ^mwit -r^m^m i ^ l e tov ^-mMzimco 
immms ] x5 u -<^mmi>zm\'-^^'?y:^'ymt\ 

Mns O4 . MnjOs , MnOj , MnOOH, Mn 
CO3 , Mn (NO3 ) 2 . MnSO, , :^m^yy(fy 

it-^^. y^yyim-it^m/-? yf]V)\xi ^yA\Mi. 

imW^9 ] yf-'>AS;«>5\ H CO3 , L i NO 

s , L i OH • Hj ommmi. i jt o^-g.s¥*^A>3S{f 

ii^v: COT- ^ t S-mt f ^ 1 ^ L 8<JDV ^ 

■^Mz%m<r>-)im. 

mi}^ii>MiItifz i><7) i>-i-*LT t-" § ^ t ^mkt -tm 

1 ■« L 9 ^\fyi'ti7!}Hzimco-^m. 
w^b-r&m^ i^v^Li oco^-i'ftiMzfm<7)yj 

•■■{I) 

^i^m-^SEft;?%i<JCi 1 at* S) & e:^-;!/^ y a v 
3. smXhO. 3«t 4ft*^ifi'?-t---:)iMffiLTV^^tlc 

^<0$>^M n 3ffl^M^-$-|J-C|i^jg^^^^(i§^+^ 

[0003) ^7t. anji^ hi,m'j^X'-mm^(ox\ y ^ 
'>A3A/i.h^^E:!fec7)i^itaM^ffiT$-fr-^;ti^)tc, g 

Coi_, Ni.Os ( 0<x<l ) tiio^it y^'^An 

[0 0 04] cltLirlsi^tC, N i tMn^Jf^itJ©-^. 
N icr,y3:b-mm^Zki3>h^ LiNli., Mn. Oj 

(0<x<l > t^^'z.tiVi-^A-^yirfum'^m^t^t^io 
^x.ih,ixh. ^coXo^-'y-^-JUt^y^-yk^-^z^-t 

U*^L^;6^^>, Solid State Ionics 
31 1-318 (1992)^, J. Mater. C 
hem. 1149-1155 (1996) ■^'^ J. Po 
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wer Sources 6 2 9-633(1997) 
-^^ J.Power Sources 46-53(1 
998) Tti:. -^^-ertg^igffltiO^x^O. 5t^tl 

[0 0 0 5] -Sr. m4rimwmi^^2D2o <2o 

0 0 ) Tti. x=0. 5t::ffl^t-|>N i : Mn- 1 : 1 
[00 0 6] 

JESS t ^?>m<mf^^mm&if^4^^ <^^t\^d mmt>^ 
tc^jE s-^ hai±^iiZ 2mco^ :tyTh ^ztibmtL 

[00073 

[iSii^W^f Sfcdb^O^ai *|60B3J:ixtf. --y^ 
[0 0 08J 

[00091 V^^J^Mt LTti. ^®<50Uf-^A^t^ 
ft, Lig CO3 . LiN03 . Li OH. L 

iOH • Ha r;l^^;l''U^^A. PKU^^A^i: 
(7)^V^^Mt^m. L i C K Li I^i:-^oy^^ 

2 CO3 . LiNOg . LiOH-H^ mmV^^ 



4 tVWtiil^tiiL i OH ' H2 OXh^. ClCOtCOti 
jK^tz^ ^JUMM/^ y>S'yMhmMJfZK& L 

T y ^»>A:z^y^;l>-e>';^>ii-^^t:ft^^i.i>. 

1 (OH) 2 . N i O. N i OOH. N i COg ■ 2N 

i(OH)2 •4H2O. Ni (NO3 ) 2 - en 

2 o. N i SO4 . N i so, ■ 6H2 o. mmm^^y 

^L<tiNi (OH) 2 V NiO. NiOOH, NiC 

03 •2Ni (OH)2 ■4H£ O. NiC^ 04-2 
H2 0^r)i;d^^tC^LTNOx2^t/SOx^(7>:t* 

i (OH) 2 . Nio. ^ioon^b^m^-^^coi^^ 

[0011] ^yiSymt UTti. Mng O4 . Mn2 

O3 . MnOs . MnOOH. MnCOg . Mn (NO 

3 ) 2 . Mnso4 . mm^y:^^yit-^m. ^y^^y^K 

T"i:-^o :iti^cO'7y:^^yM<^^X'ii. Mriz O3 , M 

n02 . Mna o, ti. m^B^mxh^m^M^mco 

-7y:^'ymimifZm^mmt:'^LX^^ttii!bMt Lv^. 

§ k> {zxmmm tvx a^t ^ . :b^-:>m^mm^ 

[0012] ^WAxit. x^'j-^^zm^zim-^miW. 
y f''^ A- ^)v-7y:^ym^m\m^\!z^fLh^±m 

i:%-^^^l.^bifX%h. :ia:^^otc±m7mhLX 

^A, v^'^i/^Aj^j^^SFt L<. T/l-S^^ 

A, aj^jUh^l^ztS't.LW r;U5^^A. 
iSltJi^Vi/^t-^'^Ati:. y^^Ai:.^y^/i^^>';*ry^t'^ig 

imi^z^Bi^zmm tx m-ffl$r#^ r ^ j^^^^t^ ^ ^ i ^ 5 

^tsm^im^vi'^M.-^mmi^AEm^mwt lx 

m^^fzb^iz^ ^m^^mmm. mzm^i^L^ttm 
t^^-^fzm(ommmMm^mz-:> \. ^x m^j:m^^^^ 

mimm.m't^^'^xi>B:^\ 
[0013] z^ti^co^m^mmt ti. :t^y7m 

Tti. A 1 OOH. A 1 2 O3 . A 1 (OH) 3 , A 1 

c I3 . A 1 (NO3 ) 3 ■ 9H2 o, ^mrfv^^i^ 

Mt-^&WAlz (SO4 )3 ^tO#S<7)r;US::.^ 
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A-ft^USr W-S. ^ t t/'X--^ . t < «A 1 O O 
Al2 O3 XtiAl (OH) 3 ^m^^h. JMt^tC 

[0 0 14] riMVl^bjStLTli. Co (OH) 2 . C 
oO, C02 O3 . C03 O, . pgtr}>'N';Ph^c0^r® 
■3J<)\^Ht-^. C0CI2 . Co (NO3 • 6H 

2 m/Co {SO4 ) ■ 7H2 O^O:S-®<!03>''i 

;H-f(:^&W^ifc*«T#s, »^L<iiCo (o 

H) 2 , CoO. Coj O3 , XtiCog O4 SrfflV> 

*-oB!6tt3&ii«>,^jS-C-C 
o (OH) 2 Srffll->'S.(?53&^S4>ii?* LV>, 
too 1 5] FeO(OH). Fea O 

3 , Fes O4 , FeCl2 . FeCls , Fe (NO 

3)3 • 9H2 o, i^y-^mi^^iomco^mmL-^^. 

FeS04 -THjO^^/Fej (804)3 nHjO 

eO (OH) , Fe2 O3 XtSFej O4 ^fflViSi^jJiS 

*^r?^t5tt*fsUiST'F e O (OH)Z4.t/Fe2 O 
g X'h^. 

[0 0 16] ■^i^^^>'^M.mtLXii. Ms (OH) 

*<?)*Svj?'^-.i^'>A^^, MgC 1 2 , Mg (NO 
3 ) 2 ■ 6H2 o, m/MsSOi m'^^Wn-^'fy^-y 
■^Mt^^mfh^Dif^X^h. ^*^Tt>Ms (O 
H) 2 XtiMgO, !»t:Mg (OH) 2 SrfflV^SiO;&iif 

[0 0 17] ;*;U-v'>Aaii: U-Cti, Ca (OH) 2 , 
CaO, PS?j5';U-v">A^i^jL'^?Se*/t'>"i'A^W*^ 
;*;U->">A'fl;-a-?t5. CaCOa , CaCs . CaC 

1 2 , CaWOi , Ca (NO3 ) 2 • 4Hs O. 
CaS04 • 2H2 O^^0#S^0;^r;^^"^'A-fl:-^?^^ 
Wh^t-h^X'^h. ^xt^ThCa. (OH) 2 , CaOX 
tiCaCOg &ffll'>&c03&iJf4LV\ gi>0±LVW 

(OH) 2 TSj^o 

[00 18] ^^^V-mmi/zmLXcoVi-^^. --y^^ 

SiBSS-f-S. fi?>li.{J'-"/^^;l'i:Vi^;{?'vW, M^ifc (N 
i/Mn)!&^0. 7SN i/MnSgcolMT'. S-^S 

N i +Mn ) 0—1 . OOlifflr^^iig-ftii^smM 
<?)SajigteJCtT-?-iOJgTJt«:MfiiH-S. 5r*3. yf-t?A 



IgtrtiTil'S-'^A^cTjffli^STCfltM^'O, 'Jf-'^ 

AtiMfigti^amfflRjcc^tT^at^f v^eDf, ^ 

Uf-n'At4«tC^LTjSl:L^-ri<-^«0T-, m-^K-ft^fiS 

T#;tiiOt:yf-'>A?jgSr?g^-r-S.l^tca. 'J^-^ASg 
^mMm.iP' 1 0 0 miyT, 5 0 mOT<0» 

i^&g t iHi:^«:6-s-c-^M Lt 0 . 1 /X mjar fc-f Lie:' 

[00 1 9 J :^^y--l=fflV'»(i,*LS^}J^t tTl±, # 
Siba. M^l omfi%mi, S=4L<ti:l 2. SSi 

[ 0 0 2 0 ] X 7 y -^^^HjWatfO^^l^i^-gti: 2 /X m 
JJlT-e^l-m{^*'?>'5rv\ T*^i^@t41^tmOTt'S> 

V^. X5y-'=}'iOBIJ^%tfO^J^?@*S:^S-m.t, 

C:cO<kI|6l{±, ^nWmX"i 0jumiaTi?!«^!f!9S: 

r-y7-&^ia<«5DTs EPPfec:>¥^^@S: 0 . 0 1 

i^CO. ljumi:TM4>^rViJ;a(=^S03S^^?^U 
[00 2 1 ] ^^JtCiiV-iTti^ yf-'!7AaS, 

fng-r.i.t::^u, mmsmmmm^-^'m\^xm.<m. 
nvx^Wi^^^'i mmt. Lu, iixci y)x^ y 
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[ 0 0 2 2 ] ^rfe, 3^?&H§tcfci^t«, x^y-cftOlM 

Jg) li. ;fc:§v^S^c7)J^«B!i*IS:SL ( 0<i9<9 0 
(9 0' <^<1 so- ) t^r4. ifBS^flJt^lJg^^fi 

[00 23] t-iZ-, X^y-i^Seti, il^SOmPa 

■ sJjt±X"S>-|., 1 OOmPa ■ sm±, !^fc20 Om 
Pa • sJiLhr$)-i.t^*iif*tVi. ifiSM^^iieSHJSlT 

7 y-cofftai*«Hit{*5:StfD-e. Wiaf^tis o o o 

mP a ■ sOTtf^^T*!.. 2 C 0 OmPa ■ si-:i 

x9y-<ofi&M4, n-^'-&;^9y-*t;:?ILjt^m 

or— 3 5*0, ffiStii^2 0%RH~8 0%RHc7)3iW 

[0024] m^mtli^-mtzi. Ofti-tfiv^ giji. 

^«t±. :ffxmaLtLX^ ii«10 0m/sI5Lh, Mt 

L<«2 0 0m/sm:. § J^izSf ^ U<tt3 0 0 m/ 



< UcOT\ jlSiSMii^ii 1 0 0 0 m/ s lilTTib & . 

7 9 7 0 8 0^<&^t:fB®§tLT t->S J: 

ffl-r « .1 fc t) f # 5 , ?8SiitsmicCi«S$iT.S := 

[0025] ^*';:^titS±gP*^4>T^Cl6l*^^ 

t ii^gt 0 . mmm^^m*-':>:k&tzmm.-t& >i t 
LKiiio'OiLtx'^K). >&-'55i^i 2 ox:ar. 

mmm ■ k^w^h^s^ t & trig's***, . 
[0026] ^mtmmmicowm.'^^ti' 5 o ^ m 

<7)TM1^«^:^eT'4 ju mJiLL, iff t L < 5 ral-3l 

[0027] jisf^in-fco^ t , xt±m*«o y -f-^^ ^ag 

14. JIf4kLTffifflSn-l.y^'>i:.S. ::^-yir;Uji^ 2^ 

1S7 0 O-CJaJi. if S t < ti:7 5 OrJ-Xh. L 

< (48 0 0 "CliUiTS) 0 , ^ fzm^ 10 5 0 T:OT. iff 
±L<t49 5 0X:KTT'ife-g.. M^^^i-^^t. 

M,=.^'j^)\^-^y:^'>^-^mm^w&mi'M.h lx^ 
m.i,zih^^mm<^Mm^zi:h-^it^m< ztffh^, 

[0028] jm.^l,±Wi^i^X -^X 

m&<rmmsmx'hix&3, 03>ja±, 5 ov^mxr-xh 
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[00291 mm^<r>mms!.i,i-. m^^i^mcomm^ 

L ij( N iy Mnj Qd-ir-z) 
3t(I)4'. Xt±0<XSl. 2, ift L.<t40<Xg 

muM.m'^m<mLii^$>s,. vm/ziio. 5^y+ 

[003 1] ^}i:x-ydrjUt'?y:^'y<^JK^it ( Y/ 

m''i>cr)^:mM<0^l±^ 0. 8SY/ZS1. 2, # 
iZO. 9£Y/zai. li:-r.g.«0*i!!ff*LVV SC- 

tWS:@f^(?53©-^ttil£Y/ZS7. 5SY 
/ZS5i:-r2.<0*«iJilLVi. *3t. -■y^/l^tVi'Xr 
>'CO-&it, -r^i^^^Y + ZtSY+ZSO. 65T$)^(r> 
iimtLK. Y+zao. 7 5T-S>iltf^ttS?4Lv\ 

[0032] Qli A U Co, F e , M sRt/C a-fy^ib 

*>^Fi: L-^T^coti. AU Co. MsT'*"?, iDlfitL 
(/^c^ti. AK Cot:-S)'S>» AK Co, Mgti. Li 
Nil., Mnx Oj (0. 7£Ni/MnS9) tCiH-t 

•&K-ft:ft5r±BS:-r?>ii:*»'T'^l>, St, Al, Co(c 
[0 0 3 3] nhixfz*J^'^M,-"/'riv-7y:^y^-^m 

Ji, SfglKtiO. 02ximiyji, MtC»tL,<«0. 
l;wmJaii-eS)0, ii^BOjumJilT, ^tL<l<tSu 

2 lx/inJiJL±,$F^L<ti:4^ miJUiT* 

iia5 0;txinOT, if i: t<(±4 0//mEJlTT& 

, B E T^te j; § &Mmmifi 0 . 1 / g]y±*--0 
8. 0in2 /g^T, if4L<tiO. 2ni2 /gfeLhA> 



^)vymi^-th z h a^X'^ s , ■mmvm^^ix.h 
i}^-^2^-'y':nV-?y0yW.-^^i. TlE-i^ 

( I ) x'm^ixhi><^X'h'0-. mwm.^^Lx\-^h. 

[0030] 

- ( I ) 

06. Om2 /gOTT'S,^, l<?:Si^cO>*ci$ti:, M 

m^^bI^ t J: 19 mmt hzt immrh o , 

m^^ti^^ff^t:: J; O^J^f ; t tmmxh § . It 

fflif'S. <r t "5 , 1 '<m.^<mma/xxi,i 2 

iis:S?<59Sf5$::;*cS < "T^ >I 1 1 J: KtWifir^ „ -Jig 

t, i3W->§v-.j:b^a®T'ti. v^wnfi^^-r^'x 

- .y ^>i'-7y;^yn-^m^m<r>mmti,z^-ox t 
Amsmmcoi^'^^ ii» 1 / g j-xt. if * t < t± 2 

m* /gm_t. *-Oii«8. Om* /gJSlT^ »tL< 
t46. Om2 /gfilTT-^-S.. tfc:mM±mytmbLX 
r^^^"/^^2:#AL•r. l^mSrY : Z : (1-Y-Z) 
= 0. 65:0. 15:0. 20t Lt:^. M^O . 
Im2 /gJiUi, fi^S L.<t±0. 2m2 /gia±s 
ji^l. Om^ /sOT. »iiL<*±0. 8m2 /gJ^Jl 
TT'* a . mi^^MTcmt LX 3 h Sr^A-t-g)*^ 

icfflT^-ri:l^Y/'ZS75&>0 0< (1-Y-Z) S 
0. 3, !t$l3 2SY/'ZS5A>-o0 . 1S(1-Y- 
Z) SO. 2 5X'$>^<^tmtL^\ 
Sli. iJ' rif^ ( 2 0 0 mrJ- >y r^) T\ ji«t± 0 . 
5g/cc£Lh, »*L<(i:0. 6 g/c ctl±, S^, 
^Ci6T^L<^i:0. Sg/ccJiLhT-Sb^. m3E^^^ 

i^a^itcti 3 . 0 g/c c jaT-eS) o , ii^ 2 . 

5g/cctlTT*)^. 

[ 0 0 3 4 ] =5rfe y i^-^i".- -y ^>u-?y^ym^mm 
iojt^fflma, ssnto B E T^i^witmmmmmmmiz 
j:-oXim.^^. m^ijMimm^mtz^^BETi 

xr)ii&Lx^^fifzmm:t!XiisLm-^'t. m^&mm 

^mSil^l-oXmiiiL. imi^-:!'ttX^<^M?:^ 
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^tit}-^hmm^ttmmm^%m-t^. 

[0035] *^aj;^r^T1#^ix/^y ^^A- 
[0036] Wm^^Zl^t. L i F e P O4 m(ni. ^ tC. 

xt^^. mmMt Lxit. M^^ti^^Jiis. 

< a 0 , 1 fia%i^Xh. |gt;:Sf ^ L < ti; 1 SJt%J.:i±T 

OT. t < ti: 3 0 . mmnco 

[00 37] >r-tLX(;i.. ^Vyyit^'^Vr 
iL-U^y. EPDM (x^l^y-rnb'py-S/XV' 

ESc^m^m . SBR (y.^uy-y^i>^Jiyzf 

Jx) . NBR (r:^?ynrLhy;l/-y^i^^i>'rf'u^.) . 

IE«*tO^H>'^-i?^iiJ'^t±. a^O. IMS 

fi%W±T-S>0. :e?--:>5im5 0Sfi%J.:JlT. Sf^L<ti: 
3 0Mfi%KlT. Mi::^^ t < t± 1 omR%&.TXh 

/uy^-com^mm-^'^t. 

[00 38] ?g«EhLTti. iiStiN-;^f^;Pb"ny 

UV:t^>'N\ •r^^bK^:7•^y^<7)WS^^S:fflV^ 
[0039] mmM<r>MWt LTt±. r;U5-^A. 

0 0 0/>cm. jff^U<ti:5-5 0 0/>cm^-C*^<. jE 



[0040] mmnmt Lx^mmt. n©. 

[004 1] ttinmmmmtLXf,'^. SnO, SnO 
2 . Sni_, O (M=^Hg. P. BS i . GeXti: 
Sb.(gL0gx<l).Sn3O2 (OH).Sn 
3-x Oa (OH) 2 (M==Ms. P. B. S i . G 

SbXfriMn. {iL0^x<3) . LiSiOg . 
S i O2 Xt±L i SnOg ^^ffll.^^^ii^T^^. U 

mmm^:^mMmi,zmmi^fzh<7^Th^. mm^tL 

T(iLiCi04 . LiAsFe . LiPFg . LiB 
F4 . Li Br. LiCFa SO3 WcOV^^J^i^-f)^^ 
lif^ti^, tti. mmmmbLX\fi. ^N^bKa^ 
yy. 1, 4-'J:^^^y. 'J^i-I'/Uyt^/UAT^V. T 

:z,^\^yi:}-^A--'Y. y'^^\yyti—ifA-—'V. 
~f^\yyij-if^:^^-Ym<ni:}-if'^^-VWi. x^f-;U 

y/i^M. ^m\YM\\;fmm.. x— r/^ii. r^y^i. x 

[00421 U^»>Ar.;Xmfftt'ffl^ i^i^i.'b-^^^l^-^ 
;KUT-h7-7/l^>fax^l.>, jtryx-^l^ 

4ryrnbL-y. ?Ky:7"7^y. jkuxxt-zp. '^>f 

X}Viir^y^ jjf y y ax n y;U^(7)fflt^TLtt]§^>^ ^ 

\^±fiyyMm}:,^'T^^im.(m.^^-m^y A)V9-m^ 

[0043] 

[HjffeM] tJiT. ^^w^i^mmx^m^^x-mzmm^z 

(rymkmizmm-^fLh ^^J^T-ti^rt^o 
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LiOH-Hj O. Ni (OH)^ RX/Muz O3 
i:Ni:Mn=l. 05:0. 50:0, 50 (JS-f- 

3 0 JUL mi^Z^^^Tl^Wttz. 3 0 0ml4t>/h^ffl 

Wmm^^tl 5 1 OmPa - sT$>-?fz. 
[0 0 44] ^LCOJ^^V-^. -m.^y Xj}^m.:^TU- 

^^^MV\ §^^I;^^-X^Aa:t±4 5m3 /mi ^{^ 

;^s'xA»9nj^ti:9orhL/^. ^Lx. mm^mizx 
[004 5] n^tLfzv^^M.-'y^)i'^y:^^ym^M 

^tmt. ^i^Z:iJ:S^g4 , 9 jura ^ Mi^T^^l 5ju 

Tf^S: 0 . i ^ u ygg^ b u ^M.?mmi^zm^ 
is.^mm/mmzi, ^^m^^. ^js^^? o%-9 5 

[0 04 6] t5^. n^:>titiV'^^J^:=^-/'>^Jl^-^>)^'>' 
LTV^^Cl^^^-^ig^iXJ^C:, ^c7)S^feMb?!35g5:l 0 

0, 9 g/c cT'-fc-o^Co 

[ 0 0 4 7 ] ^1 ios^K^fksti^oB E rmiimmm^m^ 

Ltz'^^. 5. om^ /grj>ofc, tt^mmc^m^ 

^i3. X^U-cf'tzL i OH • H2 0^#*$^t 

(aiJSi 2. 5M*%> , aiAlt^Sl^^f^V #^>*t 
/trJS^fttL i OH - H2 Oc7)i|»* (M^@T2 0// 
mtilT) ^Li:Ni:Mn = l. 05:0.5:0, 
5^=5:-Bi:-5t-jDi.. ^T^J: <?I^L3^^<5^^9 0 0X:T 
1 O^PaS^ff'T-mLTi*. ±IHTl#i^^i^c^Oi:^^* 



[0048] ^ifi0ij2 

L i OH ■ Hj O. N i O. Mng O3 . Co (OH) 
2 5*Li:Ni:Mn:Co = l. 05:0. 65: 
0. 15:0. 2 0 (H^-ifc) h=5c^j:3tc?I^LTX 
^y-?rM®b. *^«^^8 5 O'er-! 0^^^* 

[0 04 9] X^y-(J0tMfi&JSti2 2 0inPa - sT 

:x^V-^i^z^tiz^mJB^<^^mmi±o, 

C:i7)1t^^'ft;^t^5 g ^ 1 0 m 1 <7)#^;j!LSg 
^ y >-:?^--t;Ail. 2 0 0 HI ^' r LstS^O^^^i^ 
J^??Jg (:^'^y7'WS) ^?i!ISt:^ctem. 2. 0 g/c c 

aO^L?^cfeS. 0. 8m2 /sT-S)-?7to 
[0 050] ^tM3 

L i OH ' H2 O. N i (OH) 2 . O3 MfA 

100HS:Li:Ni :Mn:Al==l. 05:0. 4 
5 : 0. 45 : 0. iO {m=Flt) btchiiO^zWi^L 

xxyv- ^mm Lfzmnt. mmm 1 1 mmi^z lx v 

[005 1] X^y-C^WmMi7 9 0mPa ■ sT- 

h-^fz. ^i^ih>ixfzm^mitmt^mm'^ . oum.m. 
im^i 5//mr$>o . \^mmAt<mw:^m^hW?'X 
h->fz. z.<7yi>(^h±^^ximmzi,y)m^^^n<r^m^ 

u^'^j^^^y'r)v-^y^ym,'^mMmm&^^Lx\-^ 

m^{^-/rmm) o. gg/ccc&o. bet^ 
[00523 %mmA 

L i OH • H2 O. N i (OH) 2 . Mn^ O3 RJ/C 
o (OH)2 ^Li :Ni iMniCo^l. 05: 
0.45:0.45:0.10 (JSm) t^^Xo^^ 

m^Lx:^^u-^mmLt:mHi. mmmitmm^ 
tx u^^^^^y^-jp^y^^yM^mim^^fz. 

[0 0 53] ;J?L^y-^0WteKti:8 2 0mPa ■ sT 

h->fz. %ktif:im^m'{mi.t^mLf^5 . s^im^ m 

:L(oi>M±m^xmmmzXKimmi^^com^ 

^zt if^mii^ntz . 2 0 0 0 'y r Ltzmco^^^ 
1. og/c cT-^fo*:), BETSit 

mmmiftS. 4m2 /gTS>-:>/L% 
[0 0 54] JlttM5 

:::^^yy;mmt LXN i o&^Bv>;^:tJ.i^K±M£OTl tPl 
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it. :^'7^J—<7mM^m±l 9 0niPa ■ sTjj-QfCo 
r^JE) 1 - 1 s/c c 0 . B ET^^HS 

10 0 5 5] thmm 1 

&Mm2 0umi;lTC0l. i OH ■ Ha O. 
03&.Li:Ni:IVrn=l. 05:0. 5:0. 5 
tiX^TXK^^^tXiU.'^Ltim. 9 00T:riOB# 

[00 56] tmm2 

immix^m^^ti'^t.mti^ i oh • h^ o, n i os: 

t/Mng O3 3lUlZ^i^m^7 . 9/zm<::0Co (OH) 
2 Sr. Li:Ni :Mn:Co = l. 05:0, 65: 
0. 15:0. 20 (M^Jrt) i:^^ i 0 tCfM-^L. ^1 

3 5 0'cx'i omm^^x^miLt^. 

mmmimm ( i > 
[0 0 5 8] A, im^im 

ji^MzmmLxiEmt 

[00 5 9] B. v^^j^^m^nmb't^mm<^{m 

±t::Ji^2 5//m^o^?L14jJ^y:t^l^>':7>f/i/^ {^/^ 

co^it . ^Lmznymmi ( x^i^y;^? h t y 

>'V'(ty:x^'Jf'^A (Li PFb 



xm^t-Li^xmrnhhtz. 

[00 60] Z.<7ymmz^\-^X . O. 2mA/cm2 T 

4. 2vxti4. 3viT-^^ae3£«:*m^. 

3. OViT'O. 2mA/cmZ T^^JlEife^^^T^ 
fiQc (mAh r/g ) tuM'Ti.Sfcm^S^Ojrt ( E 

%) ht:m\z^. ttz. zcoy^iscmiz^m^^x . 

2niA/cm2 ^ ^rtrV\ ffiC^trO. 5m A/ cm 
2 , lmA/cm2 , 3mA/cm^ . 5mA/'cm 

2 , 7mA/cm2 , 9mA/cm^ Mfl ImA/c 

m2 t immzmmmm^^a^x^^-^fz. msicoi i 

mA/cm2 V^mM(MLfzb^<^^^&Qa (m 
Ah r/g) ^^ItC^-To 
[0061] ^yffifFMSii^ < 2 ) 
A. iE®c5Df^S5 

( i ) i^z^mtnm(^zLxi¥mLfz. tz 

K11*«j8-10/^m<:OMm'*(doo2 = 3. 3 5 A) 
92. SSiSBfc. ^rKU^v'ftb-::^^^^?. 5SSg|5 

y-hLit. S$2 0;um<?:)M?S<7);^MtC^<7:i;:?L^y- 

mt Lfz. 

[ 0 0 6 2 ] c . Mi%<^i'm 

mimmmm ( i ) i^zmfi>tmmi^zLxnmimL 
tz. ^j:^. iEmmm<^mAbnMmimb(OMmt 
lit. mm^m, ( i ) xm^Lfz-iEm<^^mM^Qs 

^j:hXoiiZLfz. n&<^^mMmi. z.<7^n.mhnmt 

nmzLxmMtr^mL. OVirO. 2mA/cm2 

(n%m^%mmzm^\ ^xmm vti . 

[0 063] D. -^4 9)VUm. 
mMT. 0. 2C (lc:i:lBfraSijSttT-fcO> IC 
(mA) =QsxIESiv£1»SS»T^£eS*X«>) (O^m 

0. 2C(n^mmvi'^4 9}V(r:^^mM^'^\'^. iRv^r 

m<:OTESti 3.0V. ±mtA . 1 VXii4 . 2 V L 
fz. 5 lC(?5ftmSirC^i01 0 01f>f ^/UiO^a^ 

iSmSfi^7)J:bS:P (%) ^LT^lt^^l^. 
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[00641 [^1] 

*1 

















(raAhr/g) 


(%) 




itP 

(%} 






4,3V-3.aV 


162.8 


93,0 




4.2V-3.GV 


87-2 


mmmz 




4.2V-3.0V 


166.4 


116./ 


88. D 




.88.7 


ms,m3 


I'll. •rNi(.i|Hiifl.4(Alf. 10 


4,3V-3.0V 


141.7 


70.0 


89,3 


4.2V-3.0V 


89. S 




Lil. HNIo^iiNoj. uCob.i( 


4.3V-3.0V 


1S8.6 


80.0 


88.9 


4,2V-3.0V 


91.0 






4,3V-3,0V 


98,0 


52,9 


79,5 






}tmm2 


Ll|.«Ili,.iiIfii|.jrCOo.i# 


4.2V-3.DV 


144.6 


99,9 


83.0 







F^^'-A(##) 4G048 AA04 ABOl AB02 AC06 AD04 
AE05 AE06 AE08 
5H029 AJOl AJ14 AK03 AL02 AL03 
AL06 AL07 AL08 AL12 m2 
AM03 AM04 AMOS AM07 AM16 
CJ02 CJ08 EJ04 EJ12 HJ02 
HJ05 

5H050 AAOl AA19 BA16 BA17 CA09 
CB02 CB03 CB07 CB08 CB09 
CB12 EAIO EA24 GA02 GA05 
GAIO HA02 HA05 



